When
two colors N1 and N2 look alike in hue, saturation and brightness, we represent this matching as
As to this color matching relation laws of additivity, scalar multiplication and trichromacy hold (Grassmann's law, cf. Krantz, 1975a, b (Cohen & Kappauf, 1982 , 1985 For these two matrices A and A, of tristimulus values, Kappauf (1982, 1985) described the following linear relation with no theoretical explanation (5) Wyszecki and Stiles (1982) and Judd (1951) (4), we obtain (7) which means that the difference N between the colors which look alike, i.e. mutual metamers (Wyszecki & Stiles, 1982; Cohen & Kappauf, 1982 , 1985 , are orthogonal to the space spanned by the columns of A. That is, a radiometric function N-Na orthogonal to S(A) has no effects on metameric matching. A radiometric function with no effects on metameric matching is called metameric black (Wyszecki & Stiles, 1982; Cohen & Kappauf, 1982 , 1985 . Whether color N matches color N1 is independent on choices of primaries, which means that the space of metameric blacks is also independent on choices of primaries. Hence, spaces spanned by column vectors of matrices of tristimulus values, S(A) and S (A1), which are orthogonal to the space of metameric blacks, should be the same one, i.e.
Equation (8) means that columns of A and A1 are independent bases of the same space. Hence, there exists a nonsingular matrix T such that AT=A1 which is Eq. (5). We do not need the lengthy derivation based on Grassmann's law to obtain Eq. (5).
From the above argument, we see that Kappauf (1982, 1985) , it suggests that Eq. (4) is essential representation of Grassmann's law as the set of Maxwell's equations is the center of the universe of electromagnetism (cf. Feynman, Leighton, & Sands, 1964) . Kappauf (1982, 1985) and Wyszecki and Stiles (1982) explained the concept of metameric black, but they did not mention the relation of this concept and Eq. (4) to Eq. (5).
